Abstract. The goal of this paper is to conduct the comparative analysis of direct and total linkages, backward and forward linkages in the economies of the Baltic States and Finland in 2014. Measurement and comparison of the strengths of backward and forward linkages for the industries allow us to identify the "key" or "leading" industries of the national economy in the respective year, and to design certain clusters in order to classify the industries. We investigate the clusters of similar, in some sense, industries in the Baltic States and Finland, and offer an interpretation of the observed differences between these lists. The cluster analysis of the industry four linkages and share of industry output in the total output in five-dimensional space for Latvia, Lithuania, Estonia and Finland will be continued.
Introduction
The general theoretical background of the current study in the wide sense is the Input-Output analysis offered by W. Leontief [1] and A. Ghosh [2] . The nowadays content of the Input-Output analysis is explored, for example, in the relevant book [3] : "Ronald E. Miller, Peter D. Blair. Inputoutput analysis. Foundations and extensions. Second Edition. − Cambridge University Press, 2013", and in a number of academic publications.
Let us shortly expound the theoretical input-output framework and the key concepts. Assume that the economy is categorized into n sectors. The input-output price model based on monetary data in current prices is constructed by utilizing the national account's balancing equations.
Definition [3] , let i, j = 1, 2, ... , n; 1. the sum a 1j + a 2j + ... + a nj , where a ij is the interindustry coefficient, is called the direct backward linkage of j-th industry; 2. the sum l 1j + l 2j + ... + l nj , where l ij is the element of the Leontief inverse matrix, is called the total direct backward linkage of j-th industry; 3. the sum b i1 + b i2 + ... + b in , where b ij is the allocation coefficient, is called the direct forward linkage of i-th industry; 4. the sum g 1j + g 2j + ... + g nj , where g ij is the element of the Ghosh inverse matrix, is called the total forward linkage of j-th industry.
The empirical material of the study is the "National Input-Output tables for the period 2000-2014" available thanks to World Input-Output Database (WIOD) with its unified structured statistical information in monetary terms (www.wiod.org). Timmer, M. P., Los, B., Stehrer, R. de Vries, G. J. comments [4] : "The new release includes data on 56 sectors and products mainly at the 2-digit ISIC revision 4 level (or groups thereof) together covering the overall economy. The WIOTs have an industry-by-industry format as many applications require such a square matrix reflecting the economic linkages across industries. They are built from national supply and use tables, which contain data on industries and products. The products are classified according to the CPA and cover 56 product categories following the primary outputs from our 56 sectors." An Illustrated User Guide to the World Input-Output Database is given by, R., de Vries, G. J. (2015) .
As widely recognised, measurement of backward and forward, direct ad total linkages for the industries according to widespread opinion allows us to identify the "key" or "leading" industries of the national economy in the definite year, and to make the classification of industries. We have taken in account the scientific papers devoted to the economic structure studies with the help of interindustry linkages, for example, research of B. Šidlauskaitė and A. Miškinis (2013) about the economic structure in the Baltic countries, and research of backward and forward linkages (comparative study of Poland and selected European countries) by Rumiana Gorska (2015) , which allows us to state the contribution provided by our results.
The discussion part of the paper is based on our calculations of four types of linkages and their interpretations according to the concepts explained below. Application of the cluster analysis leads to the identification of similar, in some sense, groups of industries in the Baltic States and Finland. Cluster analysis often used in conjunction with discriminant analysis is a descriptive analysis that may identify structures within the data. Our aim is identification of the most important reasons, which cause differences in the list of the "key" industries in the economies of Latvia (LTA), Lithuania (LTU), Estonia (EST) and Finland (FIN). Our contribution is holistic analysis power of linkages in a strong connection with the relative weight of an industry as a total national output generator. In our opinion, the strong linkages alone do not signalize about "key status" of the industry, if its share in the total national output is small. Our attention is especially focused on the strengths of backward and forward linkages for the agriculture industries "Crop and animal production, hunting and related service activities" (A01), "Forestry and logging" (A02), "Fishing and aquaculture" (A03).
Note. All tables and all figures in the current paper are designed or obtained by the authors by using the NIOT data, mathematical models and tools of Microsoft Excel and SPSS 23.0.
Materials and methods
As mentioned in the introduction, the empirical material of the study is the "National InputOutput tables (NIOT) for the period of 2000-2014 ". Data for 56 sectors are classified according to the International Standard Industrial Classification revision 4. The NIOT are compiled in current prices, expressed in millions of US dollars; they represent the direct and dual systems of accounting balancing equations. The NIOT are considered as a reliable source of information. The WIOD is likely to provide further information, thus becoming a useful global empirical inventory for scientific and managerial needs.
Let us shortly describe the theoretical input-output framework and methods used. In our opinion, it is important to elaborate convincing interpretations of all kinds of linkages, which are clearly based on the proved mathematical connections. First, we should stress that the theoretical framework of this paper is directly connected with the theoretical background of the paper by Jaunzems published in the conference volume "Engineering for Rural Development, 2018", where the original version of inputoutput model adapted to the given structure of the NIOT is presented.
In order to explore the methods of linkage calculations, let us use a simplified model. We regard for honour utilizing the input-output example from the well-known and famous book "Wassily Leontief. Input-Output Economics. Second Edition. -Oxford University Press" [2] . In that way we offer some methodical innovation in order to explain the four types of linkages and their interpretations grounded only on the proved mathematical connections.
At first, we consider the input-output data for the two industries in natural units (Table 1) . Let the price of one unit of an agriculture product be 2 USD, the price of one unit of production product -5 USD, the price of one unit of primary factor -1 USD.
Next, we get direct and dual balances in the monetary terms (Table 2) . (a) By using data in Table 2 we obtain a matrix of interindustry coefficients denoted as A: ensures data for us to develop the direct input-output model:
(a_1) Direct backward linkages are: a 12 + a 22 = 0.16 + 0.12 = 0.28 for production. Interpretation. In the respective economy the producing total output for 1 USD in agriculture creates in economy demand for 0.60 USD. The producing total output for 1 USD in production creates demand for 0.28 USD.
Another interpretation follows from system (1). If total output in agriculture decreases for 1 USD, ceteris paribus, than the summary final product increases for (a 11 + a 21 ) − 1 dollars:
Analogous interpretation can be given for direct backward linkage for production. Equation
are the final product multipliers. For example, 1 − (a 11 + a 21 ) = 1 − 0.60 denotes the final product throughout all sectors of the economy that is associated with a 1 USD increase in total output of agriculture.
From system (1) the system (2) follows and the Leontief inverse matrix denoted as S: 
Leontief inverse S agriculture production agriculture (b) Using data in Table 2 we obtain a matrix of allocation coefficients denoted as B: allows us construct the Ghosh system of equations:
where v 1 , v 2 -primary factors. 
A similar interpretation may be given for direct forward linkage for production. Equation
are the value added multipliers. For example, 1 − (b 11 + b 12 ) = 1 − 0.45 denotes the value added throughout all sectors of the economy that is associated with a 1 USD increase in total output of agriculture.
From system (3) the system (4) follows and the Ghosh inverse matrix denoted as G:
Ghosh inverse G agriculture production agriculture are total output multipliers. For example, g 11 + g 12 = 1.7881 represents the effect of total output throughout all sectors of the economy that is associated with a 1 USD increase in primary input in agriculture.
Results and discussion
Results of calculations of linkages for the industries in 2014 are presented in Table 3 by using the following notations: EST -Estonia; FIN -Finland; LTA − Latvia; LTU − Lithuania. DBL − direct backward linkages; TBL − total backward linkages; DFL − direct forward linkages; TFL − total forward linkages; PR -percent of the total output of industry as part of the national total output.
In order to ensure that the study is reader friendly, the list of codes and titles of the industries is given in spite of limited volume of the paper. Code explanation:
• A01 -Crop and animal production, hunting and related service activities Table 3 are calculated by the authors according to the definitions in the introduction by using the NIOT data, mathematical models and tools of Microsoft Excel and SPSS 23.0. As we see, Table 3 contains a huge volume of information. We offer some methodical innovation to obtain the interpretations of the four types of linkages grounded only on the proved mathematical connections. Particularly, the linkages of the agriculture industries A02, A02, A03 presented in Table 3 may be interpreted by using the method explained in the chapter "Materials and Methods".
In this paper we confine with two aspects. The first (A): comparison of the structures of the national economies in the sense of range of industry according to its share in total national output.
The second (B): identification of the structure within the national industries with help of the cluster analysis in conjunction with the discriminant analysis. We have identified homogenous groups in five-dimensional space R 5 in terms of the Euclidean metric.
(A) The industries with contribution in the total national output of Latvia of more than 5 % are (see Table 4 ): Table 4 Six industries in Latvia and corresponding industries in Estonia, Lithuania and Finland, 2014 FIN FIN FIN FIN FIN Code explanation: 
EST EST EST EST EST
• F -Construction • L68 -Real
Latvia: 6 clusters
• Cluster 1 (5 industries): {D35; G46; H49; H52; L68}.
• Cluster 2 (1 industry): {F}.
• Cluster 3 (15 industries): {A02; B; C18; C23; C25; C33; G45; J61; J62_J63; K66; M69_M70; M71; M73; M74_M75}.
• Cluster 4 (1 industry): {C19}.
• Cluster 5 (10 industries): {A01; C10-C12; C16; G47; H53; K64; N; O84; P85; Q; R_S_U}.
• Cluster 6 (22 industries): {A03; C13-C15;C17; C20; C21; C22; C24; C26; C27; C28; C29; C30; C31_C32; E36; E37-E39; H50; H51; I; J58; J59_J60; K65; M72}. Latvia. 100.0 % of original grouped cases correctly classified.
Lithuania: 6 clusters
• Cluster 1 (5 industries): {A01; G47; H52; L68; O84}.
• Cluster 2 (13 industries): {C13-C15; C16; C22; C23; C25; G45; I; J61; J62_J63; K64; M69_M70; N; R_S_T_U}.
• Cluster 3 (26 industries): {A02; A03; B; C17; C18; C21; C24; C26; C27; C28; C29; C30; C33; E36; E37-E39; H50; H51; H53; J58; J59_J60; K65; K66; M71; M72; M73; M74_M75}.
• Cluster 5 (4 industries): {C10-C12; F; G46; H49}.
• Cluster 6 (5 industries): {C20; C31_C32; D35; P85; Q}. Lithuania. 100.0 % of original grouped cases correctly classified.
Estonia: 6 clusters
• Cluster 1 (1 industry): {F}.
• Cluster 2 (6 industries): {C10-C12; C16; C26; D35; G47; O84}.
• Cluster 3 (16 industries): {A03; C13-C15; C17; C18; C19; C20; C21; C22; C24; C28; C29; C30; E36; E37-E39; H51; M72}.
• Cluster 4 (16 industries): {A02; B; C23; C33; G45; H50; H53; J58; J59_J60; J61; K65; K66; M69_M70; M71; M73; M74_M75}.
• Cluster 5 (4 industries): {G46; H49; H52; L68}.
• Cluster 6 (11 industries): {A01; C25; C27; C31_C32; I; J62_J63; K64; N; P85; Q; R_S_T_U}. M74_M75}.
• Cluster 4 (1 industry): {O84}.
• Cluster 5 (12 industries): {C10-C12; C17; C19; C24; C26; C28; G46; G47; J62_J63; N; P85;
R_S_T_U}.
• Cluster 6 (13 industries): {C13-C15; C21; C22; C27; C29; C30; C31_C32; E36; H50; H51; J59_J60; K65; M72}. Finland. 100.0 % of original grouped cases correctly classified.
As we see, the cluster analysis shows some similarity between the industry clusters in the Baltic States and Finland, but also differences at the same time. The cluster analysis of the industry linkages and percent of industry output in total output for Latvia, Lithuania, Estonia and Finland in 2014 explored in Table 3 has to be continued. for an economic analysis. We are sorry to confine our report within the amount limits set for the paper. The studies will be continued.
